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REPORT BRIEF 
GIBTERAL ELECTRIC CoMPAmy 

6.0 AMPERE-HOUR N I C K E L C m  SPACECRAFT CEZLS 
(CERAM3iC SEAIS WITH ALC NICKEL BRAZE) 

Ref': (a) NASA Purchase Order  Number W-397 
(b) NASA ltr BRA/VBK/pad of 25 September 1961 w/BUWEPS first 

end FQ-1:WSK of 2 Octoberflg61 t o  CO NAD Crane 
(c)  Acceptance Tes t  Procedure fo r  Nickel Cadmium Cells 

NAD 3@2-TP308, 5 August 1970 

I. TEST OBJECTIVES: 

A. The purpose of t he  acceptance t e s t  phase of t h i s  program 
i s  t o  insure t h a t  a l l  c e l l s  put i n t o  the  l i f e  cycle program a r e  of 
high qua l i ty  by the  removal of c e l l s  found t o  have e lec t ro ly te  leak- 
age, i n t e rna l  shorts ,  low capacity, o r  i n a b i l i t y  of any c e l l  t o  
recover i t s  open c i r c u i t  voltage above 1.150 vol t s  after t h e  c e l l  
short  t e s t  

B. Forty-two c e l l s  having ceramic sea l s  with a l l  nickel  braze 
were purchased from General Elec t r ic  Company, G,ainesville, Morida. 
These ce l l s  a r e  rated a t  6.0 ampere-hours. 
were without pressure gauges, and f i v e  c e l l s  with pressure gauges. 

Thirty-seven of these 

C. The normal pract ice  i n  manufacturing c e l l s  with ceramic 
sea ls  i s  t o  u t i l i z e  a braze a l loy  which ccmtains some s i lve r .  
During l i fe  cycling of the  c e l l s  the s i l v e r  tends t o  migrate across 
the  ceramic insulat ion,  thus causing shorting. 

D. The c e l l s  which s a t i s f a c t o r i l y  complete the  acceptance test  
w i l l  be placed on l i f e  cycling t e s t  i n  an e f f o r t  t o  fur ther  evaluate 
the performance of the c e l l s  with spec i f ic  emphasis on the  ceramic 
seal using the  a l l  nickel  braze. 

E. The evaluation of the  nickel-cadmium c e l l s  a t  room ambient 
condition was conducted under the  authorization of references (a) 
and (b). 

11. RESULTS 

A. The data substant ia tes  the  following summary of results: 

1. The average capacity fo r  t he  three  capacity checks is  
7.35, 7.61, and 7.35 ampere-hours, respectively. 

. i  



&E/C 71-45 

2. The recovery voltage for two cel ls  was less  than 1.150 
volts during the ce l l  short test (cel l  ser ia l  number 019, 0.431 volt; 
ce l l  ser ia l  number 037, 0.003). 
1.147 volts. 
cel ls  019, and 037 would not be subjected t o  l i f e  cycle testing. 

The average recovery voltage was 
It was determined by Goddard Space Flight Center, tha t  

3. The end-of-overcharge voltage averaged 1.425 volts for  the 
c/20 rate, and 1 . 4 3  volts for the c/10 rate. 
from the c/10 charge due t o  pressures over the 50 psig l i m i t .  
cells  are identified i n  the following table. 
Goddard Space Flight Center that cells  006 and E 5  would be used i n  
l i f e  cycle testing, but ce l l  Ol9 would not be used. 

Cell Serial No. 

Three cells were removed 
These 

It was determined by 

Pressure a t  Removal Time on c/10 Chg prior t o  Removal 
(PSIG) (hours) 

006 
019 
025  

56 
67 
52 

3 
2 
5 

4. The internal resistance averaged 2.63 milliohms. 

5. The capacity t o  1.000 volt following the overcharge 
averaged 6.78 ampere-hours and ranged from 6.65 t o  7.40 ampere-hours. 

6. There w a s  no evidence of any leakers out of the 42 cells 
tested. 

111. CONCLUSIONS 

A. From the results of th i s  t e s t  it can be concluded that: 

1. The ceramic seals used by the General Electric Campany 
are  satisfactory as evidenced by no leakers out of the 42 cel ls  tested. 

2. 
7.85 ampere-hours. 

3. 

The capacity of the 42 cells was i n  the range of 6 . 9  t o  

Forty of the 42 cells were accepted for Life Cycle Tes t ,  
on the basis of the acceptance t e s t  results. 

ii 
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RESUIIPS OF ACCEPTAmCE TEST 
OF 

(CERAMTC SEALS WITH ALL Fl'ICKXL BRAZE) 
MAmuFACTURED BY 

GETEFUIL ELECI'RIC COMPANY 

6.0 AMPE3B-HOUR NIC CADMIUM SECOpJlDARY SPACECEWT CFUts 

I. INTRODUCTION 

A. On 4 August 1970, acceptance tests were begun on 42 c e l l s  
manufactured by General Elec t r ic  Company, Gainesvllle, Florida. 
tests were completed on ,16 September 1970. 

These 

11. TEST C0Nl)ITI'ORS 

A. All acceptance tests were performed a t  an ambient temperature 
between 23O C and 27" C a t  ex is t ing  relative humidity: and atmospheric 
pressure i n  accordance with reference (c) . 

B. A l l  charging and discharging was done a t  constant current 
(-t 5 percent). Cells were charged i n  s e r i e s  but  discharged individually.  

111, CELL I D m I m C A T I O N  AKD DESCRIPTION 

A. The c e l l s  were ident i f ied by the  manufacturer's serial numbers 
which were from 003 t o  052 although not consecutively. 

B. The 6.0 ampere-hour c e l l s  a r e  rectangular with an average height 
(base t o  top of posi t ive terminal), length and width of 3.535, 0.831, 
2.131 inches, respectively. The average weight f o r  c e l l s  with gauges 
i s  576.0 grams. ' The average weight fo r  c e l l s  without gauges i s  250.5 
grams. The individual c e l l  dimensions and weight axe given i n  Table I. 

C. 
s t ee l .  
seals and protrude through the  cover as solder type terminals. 
ceramic seals use a nickel  braze instead of a braze material containing 
s i l v e r  t o  eliminate the problem of si lver migration across t h e  ceramic 
insulation. 

The c e l l  containers, and the  c e l l  covers a re  made of s t a in l e s s  
Both terminals a r e  insulated from t h e  c e l l  cover by ceramic 

The 

D. The c e l l s  were supplied i n  a discharged condition. 

IV. TEST RESUIIPS 

A. There were no signs of leakage on any of the  42 c e l l s  subjected 
t o  t h e  leak test. 



B. Capacity Test: 

1. The capacity test i s  a de te r  
a t  the  c/2 discharge rate, t o  a cutoff 
discharge was made after a 1-hour open c i r c u i t  period following the  
16-hour charge a t  t h e  c/10 ra te .  
t o  1.000 v o l t  per ce l l .  A t  t h i s  voltage, (1.000 V per c e l l )  each c e l l  
was manually switched t o  open c i r c u i t  while the  remaining c e l l s  continued 
t o  discharge t o  the  1.000 v o l t  l i m i t .  

The c e l l s  were discharged i n  series 

2. The individual c e l l  capacit ies t o  1.000 v o l t  are given i n  
Character is t ic  2-hour r a t e  discharge curves for high, average Table I. 

and low capacity c e l l s  a r e  shown i n  Figure 1. 

C. C e l l  Short Test: 

1. The c e l l  short  test  i s  a means of detect ing s l i g h t  shorting 
conditions which may ex i s t  because of imperfections i n  the  insu la t ing  
materials or damage t o  element i n  handling or assembly. 

2. Folluwing completion 09 the  th i rd  capacity discharge test, 
each individual c e l l  was loaded with a O.5-0hm, 3-watt r e s i s t o r  and 
allowed t o  stand 16 hours with t h e  r e s i s to r s  ac t ing  as a shorting 
device. A t  t he  end of 16 hours, the  r e s i s t o r s  were removed and t h e  
c e l l s  were placed on open c i r c u i t  stand for  24 hours. 
voltage did not recover t o  1.150 vol t s  or higher was considered as 
f a i l i n g  t h i s  portion of the  acceptance tes t ing .  

Any c e l l  whose 

3. Table I indicates two of the 42 c e l l s  f a i l ed  t o  recover t o  
the  1.150 v o l t  level .  
t e s t ,  as determined by Goddard Space Fl ight  Center. 

These two c e l l s  w i l l  not be  placed on l i f e  cycle 

D. High Vacuum Leak Tes t :  

1. The leak test is  a means of detect ing leakage of a seal 
or weld. 
t o  determine the presence and location of leaks. 

This t e s t  was performed before and after the  overcharge test 

2. None of t h e  42 c e l l s  tes ted  f a i l ed  these leak tests. 

E. Overcharge Tes t :  

1. The purpose of t h i s  test i s  bas ica l ly  threefold: 

a, To determine the  degree t o  which a pack of c e l l s  
maintain a balanced voltage. 

2 



b. To determine t h e  cells capability of reaching a 
point of chemical equilibrium--oxygen recombination with the nega- 
t ive ( cadmium) plate. 

c. To t e s t  the integrity of the seals as the pressure 
increases. 

2. The cel ls  were monitored hourly throughout the t e s t .  
Charging was t o  be discontinued on cells which exceeded 1.500 volts. 
No ce l l s  were removed from the charging sequence. However, three 
ce l l s  were removed due t o  pressure that exceeded the 50 psig l i m i t .  
Table 1 shows length of time on ckiarge and pressure of these cel ls  
when removed from c/10 overcharge. 
charge i s  shown in  Figure 2. 

The characteristic 16-hour over- 

F. Internal Resistance Measurement: 

1. Immediately following the overcharge tes t ,  the internal 
resistance of each c e l l  was measured with a Hewlett-Packard milliohm- 
meter (Model 4328A). 

2. The internal resistance Tor each c e l l  is  shown i n  Table 
The resistance values ranged from 2.49 t o  2.80 milliohms for an I. 

average of 2.63 milliohms . 

3 
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